Ethanol increased the frequency of miniature glycinergic currents (mIPSCs) in 21 cultured spinal neurons. This effect was dependent on intracellular calcium 22 67 has been shown that glycinergic currents are modulated by phosphorylation (Gu 68 and Huang 1998) and Gβγ allosteric regulation (Yevenes et al. 2003). 69 It is accepted that ethanol actions on postsynaptic GlyRs involve extracellular 70 and transmembrane residues that are critical for the conductance and gating of the 71 GlyRs channel (Borghese et al. 2012; Mihic et al. 1997; Perkins et al. 2008). 72 Moreover, increasing evidence shows that the effects of clinically relevant 73 concentrations of ethanol on GlyRs are affected by the state of G protein activation 74 (Yevenes et al. 2010; Yevenes et al. 2008). The functional consequence of this 75 effect is in part explained by conformational changes that favor the interaction of 76 GlyRs with the agonist, thus ethanol increases the apparent affinity for glycine 77 without changing the efficacy of the receptor (Aguayo et al. 1996; Eggers and 78 Berger 2004; Ye et al. 2001).
INTRODUCTION
In the mammalian central nervous system (CNS), rapid inhibitory 45 neurotransmission is mediated by ionotropic glycine (GlyRs) and GABA A 46 (GABA A R) receptors. GlyR activation leads to an increase in chloride conductance 47 in response to glycine, mainly in spinal cord and brain stem neurons. Interestingly, non synaptic GlyRs activation. The cells were washed with ligand-free solution 134 during the inter-stimulation interval. Despite that potentiation of glycinergic currents 135 is observed with 10 mM of ethanol (Aguayo and Pancetti 1994) , we evaluated the 136 effects of 100 mM to improve the noise to signal ratio, facilitating the statistical 137 analysis and comparison with previous studies from our and other laboratories. To 138 isolate glycinergic currents in spinal neurons, the recordings were done as 139 previously reported (van Zundert et al. 2004) in the presence of Gabazine (5 µM) to 140 block GABAergic transmission, CNQX (4 µM) to block AMPAergic transmission and 141 TTX to block sodium channels (0.1 µM). The remaining mIPSCs were reversibly Glass coverslips with cells were incubated with GlyR-α1 (1:50, mouse, SySys) 155 primary antibody in neuronal feeding medium for 10 min (37°C). After 3 washes with 156 1X PBS, neurons were fixed for 10 min with cold methanol (-20°C) . After removal of 157 methanol by 1X PBS washes, the neurons were incubated with a pair combination 158 of Gβ (1:200, Rabbit, Santa Cruz Biotechnology) 8.0 (MicroCal) software programs were used for statistical analysis and data plots.
188
The synaptic recordings were analyzed by using MiniAnalysis 6.0.3 (Synaptosoft). demonstrated that α1-GlyR clusters were localized in the soma and primary 203 processes of mature, but not immature neurons ( Fig. 1 ). This is relevant because it 204 was previously described that α1-GlyR, but not α2, have the molecular AMPAergic miniature currents (-19±8%, paired student t-test P=0.186, n=6) .
221
In addition, ethanol also reversibly increased the decay time constant of (Table 1) . blocked the increase on mIPSCs frequency (-22±14% from control, n=5) (F (6, 64) 245 = 5.024, P=0.022). Conversely, no changes were found after incubation with 246 ryanodine, suggesting that calcium mobilization was not dependent on activation of 247 ryanodine receptors (30±6%, n=4). In addition, inhibition of the SERCA pump by 248 thapsigargin showed eliminated the increase on mIPSC frequency (-21±10%, n=11) 249 (F (6, 64) = 5.024, P=0.003) Fig. 3C . Additionally, when the effect of ethanol was 250 studied in neurons bathed in a nominally calcium-free extracellular solution (no-Ca 2+ 251 condition, Fig. 3C ), we did not find any difference compared to control conditions 252 (24±23%, n=6), suggesting that if calcium was important, it was not derived from an 253 external source. On the other hand, when the recordings were done in the presence 254 of BAPTA-AM, we found that the effect of ethanol on mIPSC frequency was blocked 255 (-13±6%, n=8) (F (6, 64) = 5.024, P=0.0003, Fig. 3C ), suggesting that ethanol 256 exerted an increase in glycine release by presynaptic intracellular calcium signaling 257 activation. (Table 1) . The effects of ethanol on decay time constant 281 and frequency were unrelated because only a few neurons were affected pre and post synaptically by ethanol (3 out of 13 cells). This is in agreement with the notion 283 that while changes on frequency reflect presynaptic mechanisms, the increase on 284 decay is related to postsynaptic ion channels properties (van Zundert et al, 2004) . 285 Interestingly, glycine-activated Clcurrents performed in the same neurons (EC 10-286 20 =15 μM) were consistently potentiated (55%±10% of control, paired Student t-test 287 P<0.0001, n=12) ( Fig. 5B ), which suggests that ethanol modulated the synaptic and paired Student t-test P<0.033, n=9) (Fig. 5D ). The previous data show that while 300 non-synaptic receptors were consistently modulated by ethanol and GTP-γ-S, only 301 half of the synaptic currents were potentiated. Thus, it is possible that some 302 synaptic GlyRs are not linked to G proteins, thus explaining the insensitivity.
303
Therefore, we examined the immunocytochemical co-localization of GlyRs, Piccolo 304 and Gβ in an attempt to understand the differential actions of G protein on GlyRs.
305
The signal with the presynaptic protein Piccolo was used to determine synaptic and 306 non-synaptic GlyR cluster localization (Fig. 6 ). Colocalization analysis showed that 307 ~40% of the GlyRs signal co-localized with Gβ at the synaptic level ( Fig. 6G) , 308 suggesting that these molecular complexes are those susceptible to be modulated 309 by ethanol and GTP-γ-S. 
344
Therefore, ethanol can increase the inhibitory tone in spinal neurons by increasing 345 synaptic glycine availability (Fig. 7) . Interestingly, existence of a cAMP-PKA-IP3R- synaptic GlyR and Gβ showed 40% of co-localization, supporting the idea that 381 synaptic ethanol sensitive differences are related to a differential state of G protein 382 modulation ( Fig. 6 ) and future studies should elucidate the functional consequence 383 of this modulation and the potential link to complex behavioral ethanol responses.
384
Several ethanol-related phenotypes in animal models reproduce different 385 aspects of the complex effects of ethanol; one of these phenotypes is the ethanol 386 preference which is a predictor of risk for alcohol abuse (Crabbe et al. 1994) .
387
Interestingly, the C57BL/6J inbred strain has a higher innate ethanol preference and 388 this might have a neurobiological correlation (Chesler et al. 2012; Messiha 1985) .
389
Future studies should address if this difference in GlyR sensitivity is related to the 390 behavioral difference. 
